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Abstract 
This study aims to investigate the detailed thermal environments in apartments of Surabaya, Indonesia and discuss their potential 
passive cooling strategies. Major thermal parameters, vertical distribution of air temperature and surface temperature of 
walls/ceiling were measured in one of the representative units of three types of apartments respectively, under different natural 
ventilation conditions. The results revealed that the unit in the old public apartment showed better thermal environments compared 
to those in the other two apartments. It is very difficult to achieve thermal comfort during most of the day particularly in the new 
public and private apartments by means of natural ventilation alone. Building orientation, insufficient shading devices, and building 
materials are some of the factors causing hot conditions particularly in the newly emerging middle-class apartments. Several passive 
cooling strategies were proposed based on the measurement results. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Indonesia has been experiencing high economic growth over the last few decades. Today, the middle-class is 
predicted to almost double than the present by 2020 [1]. Since most of the major cities in Indonesia are already densely 
populated, the demand for apartments is expected to increase in the future. Meanwhile, household energy consumption 
in Indonesia is predicted to increase sharply with the rise of middle-class. In the tropical region like Indonesia, the 
cooling demand was found to have a significant contribution to the household energy consumption especially when 
air-conditioning is used [2]. The present apartments in Indonesia, particularly those for newly emerging middle-class, 
may not consider the hot-humid climatic conditions in their design on the premise of using air-conditioning. [3] found 
that the air-conditioned houses in Surabaya consumed more energy than the naturally ventilated houses. Thus, there is 
a concern that if those highly energy-dependent apartments are increased in the future, the energy consumption for 
cooling would be dramatically risen further. In Indonesia, apartments are broadly classified into three types: old public 
apartments, new public apartments and private apartments (see Fig. 1). This study aims to investigate the detailed 
thermal environments in these three types of apartments in Surabaya, Indonesia. Potential passive cooling strategies 
for energy-saving in the apartments are discussed based on the results of field measurement. 
2. Methods 
2.1. Description of selected apartments and units 
 
Fig. 1. Views of (a) old public, (b) new public and (c) private apartments. 
 
Fig. 2. Floor plan of (a) old public apartment, (b) new public apartment, (c) private apartment and instruments for (d) indoor measurement and (e) 
outdoor measurement. 
Surabaya is the second biggest city in Indonesia and has a population of about 3.1 million (07°21’S and 112°36’-
112°54’E). Currently, there are approximately 48 housing estates consisting of apartments in the city and their number 
is rapidly rising. In Surabaya, public apartments have been constructed particularly from 2000s. In the early stage, 
most of the public apartments were provided for low-income earners (e.g., for slum resettlements). Since 2008, the 
 
 
461 Muhammad Nur Fajri Alfata et al. /  Procedia Engineering  121 ( 2015 )  459 – 467 
government extended the target to wider income groups including low- to mid-income earners. These two apartment 
types, namely ‘old public apartments’ and ‘new public apartments’, are clearly distinguishable as shown in Fig. 1ab. 
In contrast, private apartments emerged from 2005 in the case of Surabaya. They normally target middle- to high-
income earners. 
Field measurements were carried out in the above mentioned three types of apartments during the hottest period in 
dry season, from August to October 2014. This study focuses especially on the private apartments subsidized by the 
government for middle-income groups (Fig. 1c). One of the typical apartments from these three types was selected 
for the field measurements, respectively. The selected old public apartment is a four storey building with 48 units (Fig. 
1a). The measurement was conducted in the south-facing unit located on the second floor. The unit has a standard size 
of 21m² with a relatively wide well-ventilated corridor space of 3.1m width. A multi-functional balcony is placed in 
between the indoor unit and outdoors (Fig. 2a). Meanwhile, the new public apartment is a five storey building with 
96 units (Fig. 1b). The measurement was carried out in the west-facing unit located on the top floor. The unit size is 
slightly larger (24m²) but the corridor space is narrower (1.9m width) than those of the old public apartment. The 
corridor space is semi-opened and adjacent to the void space (Fig. 2b). Basically, both of the public apartments are 
naturally ventilated. The structure of both apartments are of reinforced concrete and concrete block for walls with 
relatively high thermal capacities. The per-unit thermal mass of these apartments was calculated at 2,031 kg/m² for 
the old public apartment and 1,873 kg/m² for the new public apartment. Meanwhile, the private apartment is a 19 
storey high-rise building comprising 762 units (Fig. 1c). Almost all the units are equipped with one or two air-
conditioner(s). The measurement was conducted in the west-facing unit located on the eighth floor, with a total floor 
area of 31m². The small balcony is only used for placing the outdoor units of air-conditioners (Fig. 2c). Unlike the 
above public apartments, the long corridor space is not well-ventilated. Steel construction was used for the main 
structure while pre-cast concrete and lightweight concrete were used for external wall and partition walls, respectively. 
The per-unit thermal mass was calculated at 1,100 kg/m² which is 41-46% smaller than those for public apartments. 
Thermal insulation was not applied to ceiling/roof and walls in all the three apartments. 
2.2. Field measurement procedures 
Major thermal parameters including air temperature, relative humidity, air velocity and globe temperature were 
measured at the centres of one or two main rooms (at 1.1m above floor) in the selected units from the three apartments, 
respectively (see Fig. 2abc). Air temperatures in the other spaces including corridor spaces, balcony, kitchen and 
bathroom were also measured at 1.1m above floor. These indoor measurements were carried out in unoccupied units 
under different natural ventilation conditions (i.e., daytime ventilation, night ventilation, full-day ventilation and no 
ventilation). For the daytime ventilation, windows and all other openings were opened from 6:00 to 18:00. In contrast, 
all of them were opened from 18:00 to 6:00 during the night ventilation condition. Furthermore, vertical distribution 
of air temperature was measured at 0.1m, 0.6m, 1.1m, 1.5m, 2.0 m and 2.6m (2.4m in the case of the new public 
apartment) above floor level. Surface temperature was measured at centers of each part of building fabric including 
floor, ceiling and walls (see Fig. 2d). The measurement for each ventilation condition was conducted for 6-7 days. 
During the measurements, the outdoor thermal conditions were recorded by a weather station located in the 
measurement site (Fig. 2e). 
3. Results and Discussion 
3.1. Indoor thermal comfort 
The outdoor air temperature during the field measurements ranged from 22.2-34.6°C with the average of 28.3°C, 
while the outdoor relative humidity ranged from 22-86%. Daily global horizontal solar radiation recorded at 21.1-27.3 
MJ/m² on these days. The average outdoor wind speeds at the same height of the measured units were 0.7 m/s (old 
public), 1.4 m/s (new public) and 2.1 m/s (private apartment), respectively. Fig. 3 shows the temporal variations of air 
temperature, relative humidity, and wind speed in different spaces during the daytime ventilation in all types of 
apartments, respectively. The daytime ventilation represents the current practice of most of the occupants. As shown 
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in Fig. 3a, indoor air temperature in the old public apartment was 3.1-3.8°C lower than the corresponding outdoor air 
temperature during the peak hours, whereas the nocturnal indoor air temperature was approximately 5.0°C higher than 
the outdoors. In the old public apartment, indoor air temperature is well stabilized due to the relatively high thermal 
mass (2,031 kg/m²). Although the large corridor space was well ventilated during the daytime (Fig. 3a), the 
corresponding air temperature maintained lower than the outdoors. Another reason for relatively lower indoor air 
temperature in the old public apartment is the building orientation (south-facing). The indoor space did not receive 
the direct solar radiation during the measurement (Fig. 4a). Furthermore, the corridor space and balcony with a shading 
device played a role as a thermal buffer in reducing the heat gains.  
 
 
Fig. 3. Temporal variations of indoor thermal parameters during daytime ventilation in (a) old public, (b) new public and (c) private apartments. 
  
Fig. 4. Illustration of solar radiation through windows in (a) old public apartment, (b) new public apartment, (c) master bedroom and (d) living 
room of the private apartment. 
0
2
4
6
8
0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00
W
in
d 
Sp
ee
d 
(m
/s
) Master bedroom
Corridor
Outdoor
9/28 9/29 9/30 10/1 10/2
22
24
26
28
30
32
34
36
38
Ai
r T
em
pe
ra
tu
re
 
(°C
)
Master Bedroom
Corridor Outdoor
a
0
300
600
900
1200
So
la
r R
ad
ia
tio
n 
(W
/m
²)
10
30
50
70
90
Re
la
tiv
e 
Hu
m
id
ity
 
(%
)
Master Bedroom
Outdoor
Corridor
0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00
Date/Time
Master bedroom
Corridor
Outdoor
9/6 9/7 9/8 9/9 9/10
Master Bedroom Corridor
Outdoor
b
Master Bedroom
Outdoor
Corridor
0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00
Master bedroom Corridor Outdoor
9/28 9/29 10/1 10/2 10/39/30
Master Bedroom Corridor
Outdoor
c
Master Bedroom
Outdoor
Corridor
  
463 Muhammad Nur Fajri Alfata et al. /  Procedia Engineering  121 ( 2015 )  459 – 467 
 
Fig. 5. Thermal comfort evaluation using adaptive comfort equation during daytime ventilation in (a) old public, (b) new public and (c) private 
apartments. 
Table 1. Results of adaptive thermal comfort evaluation in the master bedrooms 
Type of  
apartments 
Ventilation  
conditions 
Deviation of indoor operative temperature and 
80% comfortable limit 
Exceeding  
period 
(%) Daily maximum (ºC) Daily minimum (ºC) 
Old public 
apartment 
Full-day ventilation 
Daytime ventilation 
Night ventilation 
No ventilation 
0.7 to 1.5 
1.3 to 1.5 
0.7 to 0.9 
0.9 to 1.1 
-1.4 to -2.3 
-1.0 to -1.6 
-1.0 to -2.4 
-0.2 to 0.2 
34 
76 
48 
89 
New public 
apartment 
Full-day ventilation 
Daytime ventilation 
Night ventilation 
No ventilation 
12.5 to 16.0 
13.6 to 17.4 
15.5 to 18.8 
9.4 to 17.5 
-1.4 to -3.4 
-0.7 to -1.9 
-1.7 to -2.9 
-0.4 to 0.6 
70 
88 
72 
96 
Private  
apartment 
Full-day ventilation 
Daytime ventilation 
Night ventilation 
No ventilation 
5.3 to 5.6 
6.7 to 7.8 
4.0 to 5.8 
3.5 to 5.6 
-0.1 to -2.2 
-0.6 to 0.4 
-2.8 to 0.3 
0.1 to 1.2 
79 
99 
72 
100 
 
In contrast, indoor air temperatures in the master bedrooms in both new public and private apartments were higher 
than the outdoor air temperature during most of the hours (Fig. 3bc). Unlike the old public apartment, the master 
bedrooms of both new public and private apartments did not have a balcony. During the peak hours, indoor air 
temperature in the master bedrooms of both apartments were up to 2.7°C and 1.8°C higher than the outdoors, 
respectively. The sharp peaks of indoor air temperatures observed during the afternoon were mainly due to the building 
orientation (both units were facing west) (Fig. 4bcd). The new public apartment units received direct solar radiation 
in both living room and master bedroom. The living room received the solar radiation through the window for about 
50 minutes, from 6:30 to 7:20, while the master bedroom received it for more than four hours (12:50-17:00). The 
external shading of overhang was not sufficient in shading the master bedroom after 12:50 (Fig. 4b). In the case of 
private apartment, the direct solar radiation penetrated into the master bedroom and living room for more than five 
hours, from 11:50 to 17:10 (Fig. 4cd). As shown, the private apartment was not equipped with external shading device. 
Moreover, internal shading devices were not existent in all apartments because they were unoccupied. 
Evaluation of thermal comfort in the master bedrooms was carried out by using the adaptive comfort equation, 
which was developed for the use in hot-humid climatic regions [4]. In this equation, the 80% upper limit of indoor 
operative temperature for thermal comfort is a function of the daily mean outdoor air temperature. The indoor 
operative temperature was calculated based on the equation given in ISO 7726 [5]. As shown in Fig. 5, the indoor 
operative temperatures in all the three apartments exceeded the 80% upper limits for the whole daytime periods. 
During the peak hours, the deviation of operative temperature from the upper limit in the master bedroom was 1.3-
1.5°C for the old public apartment, 13.6-17.4°C for the new public apartment and 6.7-7.8°C for the private apartment, 
respectively. In the case of new public apartment, the deviation in the master bedroom was much larger than that in 
the living room simply because of the intense direct solar radiation. As shown in Table 1, full-day ventilation presents 
relatively shorter exceeding periods than the others in the cases of the old public and new public apartments, while 
night ventilation obtained the shortest exceeding period in the private apartment. It should be noted that thermal 
comfort cannot be achieved throughout the day in all the apartments if all the windows and doors are closed (i.e., no 
ventilation condition). These results clearly indicate that it is very difficult to achieve thermal comfort particularly in 
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both new public and private apartments by means of natural ventilation alone, particularly when the units are facing 
west. 
3.2. Air temperature variations in the three apartments 
As shown in Fig. 6, the average indoor air temperature in the master bedroom in the old public apartment was 
nearly the same as the outdoors with the difference of only 0.1-0.2°C, regardless of the ventilation conditions. 
Meanwhile, the average air temperatures in the corridor space and balcony were slightly lower than the outdoors. In 
contrast, the average air temperatures in the rooms and the corridors in both new public and private apartments were 
generally higher than the outdoors. In the case of new public apartment, the average air temperature in the master 
bedroom was approximately 1.8-3.5°C higher than the outdoors and 1.0-2.7°C higher than those in the corridor space. 
Meanwhile, the average air temperature in the master bedroom in the private apartment was approximately 1.6-2.9°C 
higher than the outdoors and 1.1-2.5°C higher than those in the corridor space. The corridor space in the new public 
apartment was semi-opened and therefore the air temperature in the space followed the outdoor temperature 
particularly during the daytime (see Fig. 3b). On the other hand, the corridor space in the private apartment was 
enclosed and therefore the air temperature in the space was quite stable and averagely higher than the outdoors (Fig. 
6c). In this circumstance, even if the living rooms in the two apartments do not receive any direct solar radiation, the 
daytime indoor air temperature would not become the same level as the outdoors because of the higher air temperature 
in the corridor space. It is important to maintain lower air temperature in the adjacent corridor spaces for lowering 
indoor air temperature through natural ventilation. As previously described, the peak air temperatures in the new 
public and private apartments were generally much higher than those in the old public apartment (Fig. 6). In the case 
of private apartment, the living room received the direct solar radiation during the peak hours (see Fig. 4d), thus the 
peak indoor air temperatures were increased to the same levels as master bedroom. In the case of new public apartment, 
the average air temperatures in the living room were approximately 0.8-1.5°C lower than those in the master bedroom. 
This also indicates the effectiveness of buffer space such as balcony and shading device to provide the shading for 
indoor spaces and prevent the low angle solar radiation (see Fig. 4b). 
3.3. Vertical distribution of air temperature 
As shown in Fig. 7, the surface temperatures of the floor and ceiling in the old public apartment were almost 
constant throughout the day, ranging from 28.1 to 31.0°C regardless of the ventilation conditions. In contrast, the 
surface temperature of ceiling varied largely (24.5-40.8°C) in the new public apartment because the unit was located 
on the top floor. As described before, thermal insulation was not applied to the roof and ceiling. The surface 
temperature of the floor was also increased during the late afternoon due to the direct solar radiation (see Fig. 4b). The 
steep temperature gradient can be seen during the peak hours when the windows were closed (i.e. night ventilation) 
due to the nocturnal cooling effect (Fig. 7b). Nocturnal indoor air temperatures dropped up to 26.4°C in the new public 
apartment when the windows were opened (Fig. 6b), showing relatively large decrease compared with the old public 
apartment. This is probably because the ventilation rates in the new public apartment was larger than that in the old 
public apartment partly because the unit was located on the higher floor level. In the case of private apartment, the 
temperature gradient is seen during night-time even when the windows were opened (Fig. 7c). This is probably 
because the ventilation rates were not sufficient mainly due to the single-sized small opening. 
3.4. Surface temperatures in the master bedroom 
In the old public apartment, the surface temperatures were generally higher than the corresponding indoor air 
temperature except for the morning time (Fig. 8a). The external wall (south-facing) recorded the lowest values during 
night-time mainly due to low outdoor air temperature. The measured globe temperatures in the master bedroom were 
higher than the indoor air temperature throughout the day. As previously discussed, in the new public apartment, the 
ceiling recorded the highest surface temperatures during daytime (Fig. 8b). The east wall received the direct solar 
radiation, thus increased the surface temperatures particularly during peak hours (15:00-17:00) (see Fig. 4b). In the 
case of private apartment, the surface temperatures of the external wall (west wall) varied largely from 25.3 to 38.6°C 
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and recorded the highest values during the peak hours (Fig. 8c). This is mainly because of thin wall structure (80mm) 
with relatively low thermal capacity used in the private apartment. Fig. 8bc indicates that surface temperatures of 
floors in both new public and private apartments were increased in response to receiving the direct solar radiation 
during the afternoon hours. 
 
 
Fig. 6. Statistical summary (5th and 95th percentile, mean and ±one standard deviation) of indoor and outdoor air temperatures in (a) old public, 
(b) new public and (c) private apartments. 
 
Fig. 7. Vertical distributions of air temperature in the master bedrooms during daytime and night ventilation in (a) old public, (b) new public and 
(c) private apartments. 
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Fig. 8. Surface temperature of building fabric in the master bedrooms during daytime and night ventilation in (a) old public, (b) new public and 
(c) private apartments. 
3.5. Potential passive cooling techniques 
Based on the field measurement results, several potential passive cooling strategies can be suggested particularly 
for the apartments targeting the newly emerging middle-class. First of all, proper external and/or internal shading 
devices are necessary to avoid the direct solar radiation. Building orientation is also one of the important aspects for 
avoiding the excessive solar incidence into the rooms. External walls and ceilings should be insulated to reduce the 
heat gain through the building fabric. In addition, a heat shield material such as aluminium sheet should be added to 
prevent heat gain through roof/ceiling. Appropriate thermal buffer zones (such as a balcony and corridor space) should 
also be considered. The corridor space should be kept at lower air temperature for lowering indoor air temperature 
through natural ventilation. Night ventilation would be more effective in these apartments if the above techniques are 
properly adopted. 
4. Conclusions 
Under the naturally ventilated conditions, the old public apartment unit showed better thermal environments 
compared to those in the other two apartments. During daytime ventilation condition, indoor air temperature in the 
old public apartment was about 3.1-3.8°C lower than the outdoors during peak hours, while those in the new public 
and private apartments were equal or even higher than the corresponding outdoor air temperatures. Evaluation of 
thermal comfort using the adaptive comfort equation showed that thermal comfort can be achieved over 52-66% of 
the day only in the old public apartment under full-day ventilation and night ventilation conditions. It was difficult to 
achieve thermal comfort without relying on air-conditioning in both new public and private apartments. Building 
orientation, insufficient shading devices and building materials (thermal property) were suggested as some of the 
factors causing hot conditions particularly in the newly emerging middle-class apartments. Several potential passive 
cooling strategies were suggested based on the results. Particularly for west-facing units, proper external and/or 
internal shading devices are necessary to avoid intense solar radiation in the tropics. Design of thermal buffer zones 
such as balcony and corridor was also recommended. To reduce the heat gains through building fabric, external walls 
and ceilings should be insulated. Night ventilation would be more effective in these apartments if the above techniques 
are properly adopted. Nevertheless, it is still uncertain if the indoor thermal comfort can be achieved by passive cooling 
techniques alone under the hot-humid outdoor conditions in Indonesia. 
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